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Taste perception starts with specific molecular interactions between taste substances 36 substances bind to the cleft between the bilobal subdomains composing the VFTM ( Fig 1A) 37 [11] .
38
Notably, in T1rLBDs, the ligand-binding sites, referred to as the orthosteric binding 39 sites, need to accommodate taste substances covering the most part of the chemical spaces 40 presenting the taste modality, because a single kind of receptor is responsible for the 41 perception of a single modality. Indeed, the orthosteric binding sites in many T1rLBDs bind a 42 wide array of chemicals; the site in human T1r2/T1r3 sweet receptor binds various mono-to 43 oligosaccharides as glucose, fructose, and sucrose, and artificial sweeteners as dipeptide 44 derivatives (aspartame, neotame) or sultames (Acesulfame-K, saccharin) [ 
78
In this study, we employed a thermal shift assay analyzed by differential scanning 79 fluorimetry (DSF) for ligand binding analysis of T1r2a/T1r3LBD [18] . The DSF measures a 80 thermal unfolding of a protein by detecting the change of fluorescence intensity of an 81 environmentally-sensitive fluorescence dye binding to hydrophobic regions of the protein 82 exposed to the solvent during its denaturation [19, 20] . Because a ligand binding to the 83 protein generally changes its thermal stability, DSF is applicable to a ligand-binding assay.
84 Among various assay methodologies, DSF can serve as a high-throughput method since it 85 requires a small amount of protein for a measurement (~ 1 g), and multiple parallel 
Materials and Methods

94
Sample preparation 95 The protein sample was prepared as described previously [11, 17] . Briefly, 
118 where [L] is the ligand concentration; T m and T 0 are the apparent melting transition 119 temperatures in the presence and absence of the ligand; R is the gas constant; H 0 is the 120 enthalpy of unfolding at T 0 , assuming that there are no significant variations under the tested 121 conditions. If the melt curves show biphasic profiles, the second (or the right side) T m values 122 were adopted for calculation, as described in the Results section.
123
For multiple regression analyses shown in Fig 145 values in the range of 6 ~ 11 K (S1 Table) . On the other hand, T m below 1 K or above 11 K 146 resulted in larger deviations, such as below 0.5 fold or above 3 fold of the EC 50 values.
147 Because T m values for most amino acids at 10 mM concentration were observed in the range 148 of 2 ~ 11 K, K d-app values derived from the results at 10 mM were used for the further 8 149 analysis, with the following exceptions. For L-alanine and L-glutamine, the results at 1 mM 150 and 0.1 mM were adopted, because T m values were observed in the range of 6 ~ 11 K and 151 the resulted K d-app values showed the closer agreement with the FRET EC 50 values compared 152 to the results at 10 mM. The amino acids indicating the thermal destabilization, L-lysine and 153 D-alanine, were not included in the further analyses.
154
The relationship between the side chain structures and pK d-app (= log 1/K 
210
All five amino acids previously confirmed the binding to T1r2a/T1r3LBD induced 211 the thermal stabilization of the protein, with changing the melt curve profiles as biphasic 212 transitions (Fig 2A) . We plotted the T m values (if the melt curves are biphasic, the second T m 213 values as described above) in the presence of 8 or 9 different concentrations of amino acid in 
252
In order to verify the amino acid binding profiles of T1r2a/T1r3LBD observed by 253 DSF described above, the results were compared with the response assay using the full-length 254 receptor. The T1r2a/T1r3 receptor from O. latipes reportedly responds to a wide array of 255 L-amino acids [12] . We confirmed the broad specificity on L-amino acid responses of this 256 receptor by use of the same gene clones used for the DSF analyses (AB925918 and 257 AB925919; Fig 3B and S2 Table) . In contrast, D-alanine induced significantly weak responses 258 compared to its enantiomer L-alanine ( Fig 3B) , as D-glutamine reported previously [11] .
259
Because of the limitation of the experimental system, which does not allow full 303 thermally stabilized the protein while the latter destabilized the protein ( Fig 3A) .
304
In this study, we could not find any significant quantitative relationships between 305 the physicochemical properties of the amino acids and their affinities with the protein. This is 306 consistent with the structural observation of the ligand binding-pocket in T1r2a/T1r3LBD: 307 there are no apparent structural characteristics or functional groups to determine specificity to 308 the -substituent groups of the bound amino acid in the protein, and the substituent groups of 309 the different amino acids take different conformations [11] . Therefore it is likely that 310 T1r2a/T1r3LBD has multiple different manners of recognition of the -substituent groups, 311 and this property is also favorable for achieving the broad amino-acid perceptibility.
312
Another important structural characteristics of the ligand binding-pocket in (Table 1 and Fig 3) . The site is most probably the orthosteric site in 352 T1r2aLBD because the orthosteric amino-acid binding site in T1r2a shows discriminative 353 ligand recognition manners compared to that in T1r3, although the latter site also shares 354 amino-acid binding capability [11] .
355
On the other hand, because the transition at the lower temperature side did not show 356 the thermal stabilization associated with the addition of amino acid, it is unlikely associated 357 with the destruction of the known amino-acid binding sites in T1r2a/T1r3LBD, including the 358 unfolding of T1r3 subunit, which possesses an amino-acid binding site. We speculate that one 359 of the candidate events related to this transition might be dimer decomposition. It has been 360 reported that the extracellular domain of another class C GPCR, metabotropic glutamate 361 receptor 2 dimer, is in a fast dynamic exchange between different conformational states 362 regardless of the presence of agonist or antagonist, although the ligands change the
